The taxonomy and botanical history of Boesenbergia gelatinosa K. Larsen, B. jahaiana Meekiong & C.K.Lim, B. parvula (Wall.) Kuntze, and B. phyllostachya (Gagnep.) K.Larsen are reviewed as a group with similar characteristics. Based on morphological comparisons, ecological data, and molecular phylogenetic analyses using plastid and nuclear DNA sequence data, these species are determined to be conspecific with While comparing these collections, it was recognized that all of the specimens had two rare characters in common-a non-rhizomatous, perennating organ and axillary branching. Bulbils were also observed on all but B. phyllostachya. The only other Boesenbergia species which are known by the authors to have at least two of these three characters are B. ochroleuca (Ridl.) Schltr. and B. siamensis (Gagnep.) Sirirugsa. After a review of the accumulated data, it appeared that Boesenbergia gelatinosa, B. jahaiana, B. parvula, and B. phyllostachya were most likely conspecific.
INTRODUCTION
In August 2011, during a collection trip for the Flora of Thailand Project, four Boesenbergia collections were made between Kanchanaburi and Ranong Provinces- [Mood & Vatcharakorn 3070 (BKF) , 3076 (BKF), 3100 (BKF), & 3112 (BKF)]. The following year, similar plants were found in Yala Province, ca 20 km north of the Malaysian border [Mood & Vatcharakorn 3309 (BKF) ] and in Chanthaburi Province [Mood & Vatcharakorn 3282 (BKF) ] in SE Thailand. After a specimen and
HISTORY
Boesenbergia parvula (Wall.) Kuntze was first collected in 1827 by William Gomez, a collector for Nathaniel Wallich. This very small ginger plant was found in the mountains east of Tavoy without a precise locality in southern Myanmar (Tenasserim). Although it was discovered prior to Wallich's publication on Gastrochilus Wall. (1829), it was not included there, but later documented in 1832 as Gastrochilus parvula Wall. ]. This specimen was eventually described by Baker in 1890 where he called it a "dwarf annual". A year later, Kuntze (1891) determined that Gastrochilus Wall. was a homonym of the Orchidaceae genus Gastrochilus D. Don (1825) and changed the ginger genus to Boesenbergia Kuntze. It appears that the next collection in Burma of B. parvula was not made until August 1908 and then in a distant region, ca 950 km north of Tavoy at Goke Hteik Gorge, Shan State [Lace 4153 (E)]. In 1961, J. Keenan (RBGE) , quite by chance while awaiting clearance to collect in Shan State, Myanmar, was allowed into the Tenasserim Division. Although not specifically studying gingers, he noted that in the Baungdaw area, B. parvula was "common, abundant, plentiful and frequently seen" where he subsequently collected five specimens (E). The first author attempted to go to Baungdaw in 2014 but, due to floods, only got to within ca 10 km. Even so, B. parvula was observed in abundance along many streams in the area.
As noted by Craib (1913) Kuntze's generic nomenclature. Even though other Gastrochilus species were transferred during the intervening years, this epithet was overlooked until 1997. Even then, this change was technically invalid as the basionym was cited without "a full and direct reference given to its author and place of valid publication", and without page or plate reference and date (ICN Art. 41.5, see also Art. 41.6 and 41.8). This has since been corrected (Veldkamp, 2014) . Larsen also designated a lectotype, "Pierre s.n. Vietnam: Ri-hao, Sept. 1865 (P)". This location and date are found in the protologue, but are not annotated on the lectotype nor two other similar Pierre specimens. The only other collection known from major herbaria which appears to be this species is Trần 160 (E, SING, VMN) from Dak Nong Province, Vietnam.
Boesenbergia gelatinosa was described in 1997 based on a single collection from Kaeng Kra Chan NP, Thailand [Larsen et al. 45428 (Mood et al., 2014a) which has no close similarity or affinity to B. gelatinosa.
Boesenbergia jahaiana was described in 2014 from specimens from a single population found in Belum Forest Reserve, Perak, Malaysia. Similar plants have also been found in Kelantan, Malaysia (pers. com. FRIM) .
MATERIALS AND METHODS
Field work was conducted from 2010 through 2015. Over 20 sites were visited to include the type localities of Boesenbergia gelatinosa and B. parvula, and an area very close to the type locality of B. jahaiana. The ecology at each site was documented to include photography with herbarium specimens, living plants, and silica dried leaf samples collected. Follow-on observations of the living plants grown was documented over several growing seasons with measurements and photographs. During the study, over 100 herbarium specimens were examined that were either previously identified as one of the four species, misidentified as another species, or undetermined, but with similarity to B. parvula. In the case of B. phyllostachya, preliminary research was accomplished by the second author in 2009 when the species was collected in Dak Nong Province, Vietnam near the type locality. This study provided a fertile specimen with a complete description, tissue sample, and photographs.
In 2014, a living plant of Boesenbergia cf. parvula was obtained from the Lao P.D.R. with a tissue sample. The final study of herbarium specimens and molecular analyses were completed in 2016.
Molecular Phylogeny
Leaf tissue samples were obtained as described above. The authors have a large, on-going research project in Boesenbergia that provided additional scaffold sequences. Those sequences, along with representatives of 31 other genera, were combined with data downloaded from GenBank. A list of relevant samples (with associated GenBank accession numbers) is provided in Appendix 1.
As with prior publications by the authors, DNA extraction follows Kress et al. (2002) while amplification and analytical methods follow Mood et al. (2013) . The nuclear ribosomal ITS (nrITS) region was amplified using the plant specific18S-F (CGATTGAATGGTCCGGTGAAG) and 26S-R (AGGACGCTTCTACAGACTACAA) primers (both published in Prince, 2010) . The plastid trnK region was amplified in two parts, the first using either 1F (CTCAACGGTAGAGTACTCG; Manos & Steele, 1997) and mIR (CGTTTCACAAGTACTGAACTA) or 1F and 1235R (TATACTAATACCCCACYCC). The second half was amplified using mIF (GTTCAGTACTTGTGAAACGTT; Kress et al., 2002) and 2R (AACTAGTCGGATGGAGTAG; Steele & Vilgalys, 1994) . Data were visualized on an ABI Genetic Analyzer and sequences were verified and edited in Sequencher v4.9 (Gene Codes Corporation, Ann Arbor, Michigan, USA). Consensus sequences were aligned in Se-al (Rambaut, 1996) . Data analyses were conducted under maximum parsimony criteria in PAUP* (version 4.0b10; Swofford, 2002) . Exploratory heuristic searches of the family-wide data matrices were limited to 10,000 random addition replicates, saving 10 trees per replicate. Siphonochilus was selected as the outgroup taxon for these exploratory searches since it has previously been identified as the first diverging lineage in the family (Kress et al. 2002) . Similarly, bootstrap analyses of the large data matrix were limited to 100,000 fast swap replicates. Alignment of sequences across the family were challenging for the ITS region and the effect of alternative alignments or the exclusion of ambiguously aligned regions on resulting topologies were qualitatively compared. More extensive heuristic search methods were conducted (1000 random addition replicates, saving all shortest trees) with a subset of sequences to allow less ambiguity in the DNA sequence alignment in the target clade. Boesenbergia rotunda was selected as the outgroup taxon for these searches. Branch support was estimated using heuristic search parameters in a parsimony bootstrap (BS) in PAUP*.
RESULTS AND DISCUSSION
Exploratory family-wide analyses of ITS sequences identified a strongly supported Boesenbergia parvula sensu lato clade (100% fast BS; results not shown) containing 19 ingroup sequences, which was confirmed in analyses of the trnK data partition (78% fast BS; results not shown). Analyses of sequences in the target clade (plus a few place holder samples) also result in a strongly supported (99% BS for each data partition, 100% for the combined data matrix), monophyletic B. parvula clade. Resolution within the clade was limited and bootstrap support was generally weak (BS <70%) whether the data partitions were analyzed separately (results not shown) or in combination (Fig. 1) . This is likely due to the small number of potentially parsimony informative characters (PIC) in the dataset. The trnK matrix provided 13 PIC (five for the ingroup) and the ITS 45 (only 13 for the ingroup). Variable characters were inferred to be homoplasious when the characters were traced onto the most parsimonious trees using MacClade (Maddison & Maddison, 2000) . Deciduous, perennial herb to (10)-30-(50) cm, upright to prostrate. Perennating organ, a budcrowned tuberous root, cylindrical, 1-13 cm long, to ca 2 cm diam., often in multiples attached together at the proximal end, internally and externally white, covered in short roots; roots few, fleshy, to ca 3 mm, fibrous roots few, short. Stems succulent, internodes short, branched from the lower leaf axils; leafless sheaths corrugate, red or green. Leaves alternating along the stem, ca 5-7, mostly congested near the terminus; leaf sheaths 1-3, ca 2 cm long, corrugate, red or green; ligule bilobed, to ca 5 mm, lobes triangular, green; petiole subsessile to ca 2 cm, ribbed; lamina oval, to ca 10 × 5 cm, base attenuate, apex acuminate, adaxially green, with or without a darker centre and silver margins, glabrous, abaxially green or reddish, mostly glabrous. Inflorescence terminal on the main stem and axillary stems, tightly clasped between the leaf sheaths, partially exserted, mucilaginous; peduncle to 1 cm, white; spike fusiform, to ca 4 cm long; bracts distichous, lanceolate, to ca 3 cm long, apex acuminate, green or red, covered portions white, glabrous, finely striate; bracteole lanceolate, to ca 2.5 cm long, green or white, glabrous. Flowers 3-7, ca 3 cm long, orientated 90° to the bract, deflexed downward; calyx ca 3 mm long, white, translucent, apex irregular; floral tube ca 1.5-3.5 cm long, white, glabrous; dorsal and lateral corolla lobes ovate, ca 10 × 5 mm, apex cucullate, white, glabrous; androecial cup ca 5 mm long, orientated ca 90° to the floral tube, throat with hairs; labellum deeply saccate, nearly orbicular, ca 2.5 × 2 cm, white with various red patterns, glabrous, apex entire, margins deflexed; lateral staminodes obovate, 7 × 5 mm, white, glabrous. Stamen ca 9 mm long, white, glandular hairy throughout; filament ca 2 mm long; anther 6 × 3 mm, white, thecae 5 × 1.5 mm, dehiscent along their full length, anther crest absent. Ovary cylindrical, ca 3 × 2 mm, white, glabrous; style filiform, ca 4 cm long, white; stigma orbicular, white, ostiole circular, ciliate; epigynous glands two, ca 2 mm long, light green. Fruit cylindrical, ca 12 mm long, tan; seed elongate ca 6 × 2 mm, brown, hirsutulous, aril medusa-form, ca 3 mm long, white, translucent, funiculus ca 2 mm diam., white. Bulbils cylindrical, ca 1-1.5 × 0.7 cm, green, sericeous occurring at the stem nodes.
TAXONOMY
Distribution.-Lao P.D.R., Myanmar, Peninsular Malaysia, Thailand, Vietnam.
Ecology.-The populations studied were found in both evergreen and deciduous forests. More often than not, bamboo was a large part of the immediate overstorey. Each site was generally similar in having well-drained soil, high in organic matter with a heavy cover of leaf litter, medium to heavy shade, and a tendency to be situated on a slope near a watercourse. In a few situations, the species was found in areas growing amongst scattered limestone boulders on dark, humus-rich soil. In all cases, the sites were verdant with plenty of soil moisture and high humidity. All populations had a very high plant density per m 2 , encompassing multiple stages of growth from very small seedlings/rooted bulbils to mature, multiyear plants. At many sites, the populations tended to be large, covering 10-20 m 2 . The associated understorey plants were typical of SE Asian forests to include Commelinaceae, Marantaceae, and other Zingiberaceae. Elevation ranged from 200-1000 m asl.
Phenology.-Over five years of field observations, no large insects (bees, beetles, wasps) or birds were ever observed pollinating, although plenty of smaller flying insects and ants could be found most times in and about the flowers. Flowering begins in mid-June and continues into October.
Etymology.-Named for the small plant size as represented by the type. (E, SING spirit, VMN) .
Notes.-Vegetative growth. Once monsoonal rains commence in May, a succulent stem emerges from the ground. This growth can be from either a germinating seed, a mature bud-crowned tuberous root or the previous-year's aerial or subterranean bulbil. The growth of the plant is rapid, so that in ca 30 days it can become fertile. At the same time, the plant produces several to many subterranean stems along with numerous, thin, adventitious roots with rootlets from the base of the main above-ground stem. In areas where there is excellent soil, the mass of vegetative growth can become a tangle of intertwining axillary branches above ground with several branched stems below. The vegetative phase lasts 7-8 months.
Flowering. The inflorescence is distichous with bracts overlapping almost equally on both sides of the rachis. The flowering sequence occurs from the apex downward (basipetalous), one flower at a time (rarely two), opening in the early morning and senescing within 24 hours. New and old flowers overlap in timing and are frequently in juxtaposition. In the first hours the thecae dehisce dropping pollen on the labellum while still clasping the stamen. In the later part of the cycle, the thecae rotate radially, just enough to release the style. The stigma then reflexes slightly and exudes a large droplet of sticky, clear liquid. If the style arching is pronounced, it can touch the labellum where the dropped pollen has accumulate. Nothing is currently documented about natural pollinators, self-incompatibility or other aspects of sexual reproduction in this species. Flowering usually lasts about three months with both the main and axillary stems producing an inflorescence.
Sexual reproduction. Seeds are produced at various times during the flowering period, albeit sparsely. Once the seed capsule splits, the outer wall quickly disintegrates, allowing the seed to disperse. The scant white aril and capsule do not seem to provide an attractant for rodents or birds, although this vector is not totally dismissed. Based on several ex situ germination tests of wild seed harvested in August, germination never occurred before April the following year. This has also been the case in most other deciduous Boesenbergia seed germination tests (unpublished data, JDM).
Asexual reproduction. Bulbils have been observed to form on stems above and below ground. These propagules are composed primarily of adventitious root material and a small portion of old stem with a bud, similar to those of Globba L. species (Box & Rudall, 2006) . The conditions required for propagule production are unknown as not all plants in all habitats are equally productive. As observed in the field and ex situ, it appears that physiological factors, combined with certain environmental conditions stimulate the adventitious, clonal material. In some cases, a long adventitious root will emerge from a main stem node, while on another part of the stem the adventitious material will form a bulbil. In either case, occurrence seems random. On some plants, bulbils will be formed just below the inflorescence, whereas none are produced on other parts. When the stem dies, the bulbil remains attached until the stem disintegrates. The remaining organ retains a precursory stem bud that, in the next season, will grow into a new plant given proper conditions. The underground propagules also start as an adventitious root, which initiates from the stem base as a "dropper" or "sinker", becoming long, fleshy, and tuberous during the growing season. When the stem dies, the long propagule retains a stem bud at the proximal end, distinguishing it from a true tuberous plant, e.g. Solanum tuberosum L. Another propagule shape occurs on underground stems produced from the main stem. These propagules are late to develop and normally only have enough time to become spherical before plant dormancy. After one or more years growth all propagules of the same age look very similar -fusiform to ca 25 cm long, white and covered with very short, fine rootlets. In each additional year of growth, the tuberous root further elongates and expands, often producing additional tuberous roots at the proximal end so that an older perennating organ can have four or more conjoined tuberous roots with a single proximal crown bud. No matter the number of these tuberous roots, only one stem will emerge from the bud in the new season. (Fig. 6, 8) Differs in the plant to ca 75 cm tall, flowers to ca 6-6.5 cm long, labellum saccate, orbicular, ca 3 × 2.8 cm, white, throat spotted light or dark red in the centre, lateral staminodes obovate, ca 2.3-2.7(3) × 1.4-2 cm. Fruit not seen. Bulbils above and below ground, variable in size, up to ca 4 × 0.5 cm, externally green or white, internally white, surface covered with short rootlets, occurring in the leaf axils, at the base of the inflorescence or on subterranean stems. Ecology.-Found in deciduous forest growing in soiled crevices on limestone outcrops. Very rarely found away from the outcrops in deeper soil amongst limestone boulders. On several occasions it was found on sandstone, in evergreen forest.
Phenology.-No pollinators observed. Flowering commences in early July and continues into November.
Etymology.-Named for its large size in comparison to the species.
Chromosome count.-2n=20 (Mandakova, in ed.).
Notes.-The notes under var. parvula also apply here. Further, this variety is easy to identify due to its 50 cm length/height normally achieved before flowering, large leaves, thick stems and preference for limestone outcrops. When the plants are fertile the identification is simplified further as the flowers are ca 4 times as large as var. parvula.
CONCLUSIONS
At the end of this five-year study of the four species, no major morphological differences could be ascertained that might be useful in distinguishing one from another. Only minor variations were found, that in the authors' opinion are not uncommon in these or other widely distributed Boesenbergia species (Table 1) . As for the molecular phylogenetic results, tissue analyses of B. gelatinosa, B. jahaiana, and B. parvula showed a distinct lack of bootstrap support for any internal structure which might provide evidence that they are distinct species. Unfortunately, due to the age of samples of B. phyllostachya (Trần et al. 160) , no usable data could be recovered for genetic comparison. Consequently, Boesenbergia gelatinosa and B. jahaiana are placed in synonymy with B. parvula based on the morphology and supporting phylogenetics, while B. phyllostachya is placed in the same synonymy based on its morphological similarities. The classification of B. parvula var. major is considered distinct based on its much larger size of the plant and flower which is readily apparent in the field and herbarium. 
